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Abstract 
 
 
Desp i te  the i r  ea r l y  d i scove r y ,  re l a t i ve l y  f ew  c lasses  o f  ru then ium d in i t ro gen  
comp lexes  a re  known .  Th i s  work  desc r ibes  the  success fu l  coord inat ion  o f  d in i t rogen  
to  the  e lec t ron - r i ch  a l k y lphosph ine  co res  [R uC l (dmpe ) 2 ]
+  and  [Ru C l (depe ) 2 ]
+  by  
ch lo r ide  abs t rac t ion  f rom b oth  the  c i s  and  t r an s  d i ch l o r o  de r i va t i ves .  One  such  
comp lex ,  t r an s - [RuC l ( N 2 ) (dmpe ) 2 ] (B Ar F 2 4 ) ,  p ossesses  the  most  ac t i va ted  r u then ium  
ν N N  r epor ted  to  d ate .  
 
A  va r ie t y  o f  ch lo r ide  a bs t rac t ion  agen ts  we re  t es ted  on  the  c i s  and  t r an s  i some rs  o f  
[Ru C l 2 (P -P ) 2 ]  ( P -P  = d mpe ,  depe )  w i th  the  cho ice  o f  abs t r ac t ing  agen t ,  an i on  and  
so lven t  a l l  found  to  s i gn i f i can t l y  a f f ec t  the  outcome .  Re ac t ion  w i th  s i l ve r  t r i f l a te  
and  t r imethy l s i l y l  t r i f l a te  was  fo und  to  g i ve  d ich lo r o ruthen iu m( I I I )  p roducts ,  wh ich  
cou ld  be  rea d i l y  re d uced  to  the  ru then ium( I I )  s t a r t ing  m ate r ia l s  w i th  comm on 
reduc ing  a gen ts ,  as  we l l  as  by  a lcoho ls  and  h ydra z ine .   
 
The  use  o f  tha l l i um  t r i f l a te  a vo ide d  ox ida t ion  and  led  to  the  fo rm at ion  o f  the  
c rys ta l l og r aph ica l l y  charac te r i sed  po lyme r ic  inc orpor at ion  p r oduc t ,  
[{ t r an s - [RuC l 2 (d mpe ) 2 ] · T l (OT f )} n ]  f ro m t r an s - [Ru C l 2 (d mpe ) 2 ]  and  the  in te res t ing  
ch lo r ide -b r id ged  r u then ium d ime r  c i s - [{R u (depe ) 2 } 2 (µ -C l ) 2 ] ( OT f ) 2  f r om 
t r an s - [RuC l 2 (depe ) 2 ] .  A n ion  exchange  o f  the  comp lex  [{ t r an s - [RuC l 2 (dmpe ) 2 ] · T l ( OT f )} n ]  
w i th  the  non-coo r d inat ing  an ion  t e t r a k i s (3 ,5 -b i s ( t r i f l uo r ome thy l )pheny l )bor a te  
resu l t ed  in  rem ova l  o f  tha l l i u m f ro m the  sys tem and  coor d inat ion  o f  d in i t rogen  to  
g i ve  t r an s - [RuC l (N 2 ) (d mpe ) 2 ] (BAr F 2 4 ) .  Ci s - [{ Ru (depe ) 2 } 2 (µ -C l ) 2 ] (OT f ) 2  was  found  to 
read i l y  reac t  w i th  a  va r ie t y  o f  s ma l l  l i g ands  and  ga ve  p rod ucts  such  as  c i s -
[Ru C l (C O) (depe ) 2 ] (OT f ) ,  c i s - [RuC l (NC Me) (dep e ) 2 ] (OT f ) ,  c i s - [RuC l (CN
t Bu) (depe ) 2 ] ( OT f ) ,  
c i s - [R uC l (NH 3 ) (depe ) 2 ] ( OT f ) ,  c i s - [R uC l (N 3 ) (dep e ) 2 ] ,  and  t r an s - [Ru C l (η 2 -H 2 ) (depe ) 2 ] (OT f ) .  
A  p re l i m in ary  X - ray  s i ng le  c rys ta l  s t r uc tu re  ana lys i s  was  conducte d  on  the  co mp lex  
c i s - [R uC l (CN t Bu ) (depe ) 2 ] (OT f ) .  
 
The  tha l l i um ( I )  s a l t  T l ( BArF 2 4 )  w as  found  to  b e  an  e f f i c ien t  ch lo r ide  abs t rac t ion  agen t  
unde r  m i ld  c ond i t i ons .  Reac t i ons  w i t h  c i s -  and  t r an s - [RuC l 2 (depe ) 2 ]  and  
c i s - [R uC l 2 ( dmpe ) 2 ]  f u rn i shed  d in i t ro ge n  comp lexes  o f  the  fo rm 
c i s - [{R uC l ( P -P ) 2 } 2 (µ -N 2 ) ] (BA rF 2 4 ) 2 ,  wh i l s t  re ac t ion  o f  t r an s - [R u C l 2 (dmpe ) 2 ]  w i th  
T l (BArF 2 4 )  l ed  to  the  s tab le  f i ve -c oord ina te  comp lex  t r an s - [Ru C l (d mpe ) 2 ] (BAr F 2 4 ) .  
Vapo ur  d i f fus i on  techn iques  app l ied  to  a  so lu t ion  o f  
c i s - [{R uC l ( depe ) 2 } 2 (µ -N 2 ) ] (BA rF 2 4 ) 2  ga ve  r i se  to  c rys ta l s  o f  
–  iv   –  
t r an s - [RuC l (N 2 ) (depe ) 2 ] ( BArF 2 4 ) ,  on  wh ich  p re l im inar y  X - r ay  m o l ecu la r  s t r uc tu re  
ana lys i s  w as  pe r fo rme d .  
 
Reac t ions  o f  both  c i s - [{Ru ( depe ) 2 } 2 (µ -C l ) 2 ] (O T f ) 2  and  t r an s - [R uC l 2 (d mpe ) 2 ]  w i th  h igh  
p ressure  (140  ps i )  d in i t rogen  a t  140-150 °C i n  methano l  o r  t e t r ahy dro fu ran  res u l t ed  
in  so lven t  ca rbony l  abs t rac t ion  to  a f fo rd  t r an s - [R uC l (CO ) ( depe ) 2 ] (OT f )  and  
t r an s - [RuC l (CO ) (d mpe ) 2 ] (C l )  f r om the  depe  a nd  dmpe  co mp lexes  r espec t i ve l y .  The  
molec u la r  s t ruc tu re  o f  t r an s - [RuC l (CO ) ( dmpe ) 2 ] (C l )  was  de te rmined  v i a  s ing le  c rys t a l  
X - r ay  s t r uc tu re  ana lys i s .  
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16-TMC 1 ,5 ,9 ,13 - te t ra methy l -1 ,5 ,9 ,13 - te t r aa zacyc l oh exadecane  
2D two  d i mens iona l  ( NMR )  
3D th ree  d imens ion a l  (NM R)  
acac  ace ty lace tonat o  
AMU  atomic  m ass  un i t s  
APC I  a tmospher i c  p ressu re  chemica l  ion i s a t ion  
app .  apparen t  ( NMR )  
A r  a ro mat ic  r in g  
ATP  adenos ine  t r iphosph ate  
ATR  a t tenuated  to ta l  re f l ec t ion  IR  spec t roscopy  
b  b road  ( IR ,  NM R)  
BArF 2 4  t e t r a k i s (3 ,5 -b i s ( t r i f l uo r omethy l )pheny l )bor a te  
COSY  cor re l a t ion  spec t r osco py  (NM R)  
cy t tp  PhP (CH 2 C H 2 CH 2 PC y 2 ) 2  
δ  chemica l  sh i f t  (N MR)  
d  deute ro  
d  doub le t  (NMR )  
dd ;  d t  doub le t  o f  do ub le t s ;  d oub le t  o f  t r ip le t s ,  e tc .  (NMR )  
dce  1 ,2 -d ich lo roe thane  
dcm  d ich lo r omethane  
dcypb  1 ,4 -b i s (d i c yc lohexy lphosph ino )butane  
depe  1 ,2 -b i s (d ie thy lphosph i no )e thane  
 -  xv i i i  -  
d ippae  1 ,2 -b i s ( ( d i i sop ropy lpho sph ino )am ino )e thane  
d ippe  1 ,2 -b i s (d i i sop r opy lpho sph ino )e thane  
dmf  N ,N-d imethy l f o r ma mid e  
dmpe  1 ,2 -b i s (d i methy lphosp h ino )e thane  
DPB  d iporphy r inatob ipheny lene 4 −  
dppa  Ph 2 PCCPPh 2   
dppa  Ph 2 PCCPPh 2  
dppb  1 ,4 -b i s (d ipheny lphosph ino )butane  
dppe  1 ,2 -b i s (d ipheny lphosph ino )e thane  
dppen  (Ph 2 P ) 2 CCH 2  
dppen  CH 2 =C( PPh 2 ) 2  
ed ta  e thy lened iamine te t ra a ce t i c  ac id  
en  H 2 NCH 2 CH 2 N H 2  
EPR  e lec t ron  pa ra ma gnet ic  resonance  
ES I  e lec t rosp ra y  i on i sa t ion  
EXA FS  Ex tended  X - r ay  Absorp t ion  F ine  S t r uc tu re  
EXSY  exchange  spec t roscop y  (N MR)  
F ID  recorded  f ree  induc t io n  decay  s i gna l  (N MR )  
FT IR  four ie r  t r ans fe r  in f r a re d  
GB  gauss i an  b r oaden ing  f a c to r  (N MR )  
GM Gauss ian  m u l t ip l i c a t io n  w indow  func t ion  (NM R)  
hex .  hexe t  (NMR )  
H IPT  hexa i sopr opy l te rpheny l  
HMQC  hete ronuc lea r  m u l t ip le -quantu m c ohe rence  ( NMR)  
 -  x ix  -  
HSQC  he te ronuc lea r  s ing le -q uantum  cohe rence  (NM R)  
I  nuc lea r  sp in  nu mber  ( NMR)  
* Im  1 - t e r t -buty l -5 -pheny l im idaz o le  
IR  in f ra red  
J  coup l ing  cons tan t  (N M R)  
κ  den t i c i t y  
LB  l ine  b ro aden ing  f ac to r  (NMR )  
m  med iu m ( I R ) ,  o r  mu l t ip l e t  (NMR )  
m / z  mass  to  cha rge  ra t io  
MALD I  mat r i x  ass i s ted  l ase r  d esorp t ion  and  ion i s a t i on  
MS  mass  spec t r oscopy  
‘N 2 Me 2 S 2 ’  1 ,2 -e thaned ia mine-N ,N’ -d i methy l -N ,N’ -b i s (2 -b enzeneth io la te )
2 −  
NMR  nuc lea r  m agnet ic  reso nance  
NN’N  2 ,6 -b i s [ (d i methy la mino )methy l ]py r id ine  
NNNN  2 ,5 ,9 ,12 - te t ra methy l -2 ,5 ,9 ,12 - te t r aa zat r i deca ne  
OEP  2 ,3 ,7 ,8 ,12 ,13 ,17 ,18 -oc tae thy lporphy r in 2 −  
ORTEP  Oak  R i dge  the r ma l  e l l i pso id  p l o t  p ro g r am 
OT f  CF 3 SO 3
−  
p  pen te t  (NMR)  
P 2 P 3  t r i s (2 -d ipheny lphosph i noethy l )phosph ine  
P 2 P 3 P´ 2  2 -d imethy lphosph inoe thy l -b i s - (3 -d i methy lphosph inopropy l ) -   
  phosph ine  
P 3 P 2 P´ 2  b i s (3 -d i methy lphosph i noproy l ) (2 -d i methy lphosph inoethy l ) -   
  phosph ine  
 -  xx  -  
P c  cen t ra l  phosphor us  a tom in  m o lecu les  conta in ing  a x ia l  s y mmet r y  
  (NMR )  
P t  t e rmina l  phosphor us  a tom in  mo lecu les  conta in ing  ax i a l  s ym met ry  
  (NMR )  
PCP- t B u  2 ,6 - (C H 2 P
t Bu 2 ) 2 C 6 H 3
−  
pn  Ph 2 PCH 2 CH 2 NMe 2  
PNP- t B u  2 ,6 -b i s - (d i - t e r t -buty lphosph inomethy l )py r id in e  
P -O  (1 ,3 -d iox an-2 -y lmethy l )d ipheny lphosph ine  
POP- i Pr  ( i Pr 2 PC H 2 CH 2 ) 2 O 
POP- t Bu  ( t Bu 2 PCH 2 C H 2 ) 2 O 
P-P  any  b i s -d iphosph ine  
PP 3  t r i s (2 -d ipheny lphosph i noethy l )phosph ine  
ppm par t s  pe r  mi l l ion  
py b u S 4  2 ,6 -b i s [ ( 3 ,5 -d i - t e r t -but y l -2 -s u l f an u lpheny l ) th i omethy l ] -  p y r id ine
2 −  
pz  py ra zo l -1 -y l  
q  quar te t  ( NMR )  
R ,R ’ -d ipp ach  (R ,R’ ) -1 ,2 -b i s ( ( d i i sop ro py lphosph ino )a mino )c yc lohexane  
R ,R ’ -Me -D uP HOS  1 ,2 -b i s ( (2 R , 5R ) -2 ,5 -d i m ethy lphospho lano )ben zene  
R ,R -CH IRA PH OS (R ,R ) -2 ,3 -b i s (d ipheny lp hosph ine )butane  
R f  r e ten t ion  f ac to r  
R x
n  reac t ion  
s  s ing le t  (N MR)  
sep t .  sep te t  (NMR)  
sh  sharp  
 -  xx i  -  
s t  s t rong  
t  t r ip le t  (N MR)  
T 1  long i tud ina l  re l axat i on  t ime  (NM R)  
th f  t e t rahydro f u r an  
TMP 5 ,10 ,15 ,20 - te t ra mes i t y lporphy r in  
TMS  t r imethy l s i l y l  
TOF  t ime-o f - f l i gh t  
Tp  [HB (p z 3 ) ]
−  = hyd rot r i s ( py ra zo l -1 -y l )bo ra te  
t r i en  H 2 NCH 2 CH 2 N HCH 2 C H 2 N HCH 2 C H 2 NH 2  
t r i f l a te  t r i f l uo ro methy l su fon ate  
t r iphos**  2 ,2 ’ - (pheny lphosph ined iy l ) b i s (2 ,1 -pheny lene ) b i s -  
  (d ipheny lphosph ine )  
UV  u l t ra v io le t  
VT  va r i ab le  t e mperat u re  ( NMR)  
w  weak  ( IR )  
η  hapt i c i t y  
κ
4 -PNP S i -
t Bu  κ 4 -HN + (S i Me 2 CH 2 P
t Bu 2 ) (S iMe 2 CH 2 P
t Bu( CMe 2 C
− H 2 ) )  
ν  v ib ra t i ona l  s t re tch  ( I R )  
 
